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A Law-speed wind-tunnel investlgatian was made t o  detelmfne the 
effects of horismtal-tail  location and plen fofm on the  longitudinal 
stability and control che;racteri&lce of a fuselage and a thin delta 
wing with extended double slotted flape. The wing wae a f la t  plate 
with beveled leadin& d traiUng edges and had a nmxhnm thir?hAss 
rat io  of 0.045 and 60° mepback of the le- edge. Tbe effects of a 
retractable caaard horizontal surface t o  canpensate for  large diving 
mments of the extended double clotted flag were determined aad an invee- 
t igation wae ale0 made of an extended sjngle  slotted f lap (Ebwler-type 
fw?) 

The extended dorible slotted f lap  provided large values of untrirrrmed 
l i f t  CoeffFCient thr-t the angle-of-attack range (1.05 at an m g ~  
of attack of OO with a f h p  deflection of 61.3O and 1.94 at mmdmrun ~lft 
with a flap  deflection of 5l.2O). Satisfactory locations of a 60° delta 
tail or a tail with en aepect ra t io  of 3.06, 23O 7' sweepback, and a 
tqer rat i o  of 0.394 fo r  longitudlnd stabi l i ty  of the model with extended 
doa le   s lo t t ed  flap6 deflected were indicated t o  be louer end further t o  
the rear then f o r  flap-undeflected  condltioss. 

--incidence tests micated that tk delta t a i l  ( W C ~  had X) per- 
cent of the ~ i n g  area) or  t& tail with a taper rat io  of 0.394 (34.5 per- 
cent of the wing area) would be incapable of providing longitudinal trim '! 
with the extended double slotted f lap  because of a large tlivlng mcuuent . 
resUlting fram fw deflection. T& use of larger t e ~ ~ s  at a w length" 
of two wing mean aeroaynarmtc chords would result in estimated trim Uft 
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coefficients of 0.72 a d  1.67. at an -le of attack of 0' and maximum 
lift, respectively. The delta tail was generally found t o  be superior 
x i th  regard t o  s tabi l i ty  and control to the tall with a taper r a t i o  
of 0.394. (Both tails had approximately ths same variation of lift with 
a g l e  of attack.) The addition of a retractable canard horizontal sur- 
face  (that was intended t o  be extended sfmultaneously with the flaps so 
that trim could be effected by the all-movable de l t a   t a i l )  generally 
resulted in a longitudinally  stable high-lift delta-wing airplane con- 
figuration with a t r h  lift coefficient of 0.82 at an angle of attack 
of 00 and a maxlanna trim l i f t  coefficient of 2.30. The increaee i n  maxi- 
mum lift coeff lcient and angle of attack for -mum Yf't with ths  addi- 
t ion of the canard t o  the delta-- model is believed t o  ham resulted 
largely frm caaard-sw3ace wake effects on the wing. Trim lift coeffi- 
cients for the extended single slotted flap were estimated t o  be 0.41 at 
ai =le of attack of 0' and 1.56 a t  lift. 

. 

Investigations made by the National Advisory Committee f o r  Aermau- 
tics (refs. 1 t o  4) have shown that large inc-ts of trim lift coeffi- 4 

cient can be obtained on delta-wing airplane8 by the. use of double slotted 
f laps  and s ta t ic  longitudinal stabi l i ty  can be maintained up t o  the stall 
by the use of a horizontal tail located a t  the proper  position. These 
large lift increments were obtained, however, in  the low and moderate 
angle-of-attack range and w l y  relatively 8maU gains in maximum lift 
cceff  icient were obtained because of a reduction of flap  effectiveness 
&t lligh -8 O f  attack. 

!l%e result6 of an investigation of a modified double slotted f lap 
configuration which provldes large gains in  uft coefficient throughout 
the  entire working angle-of-attack range and the  effects of tail location 
and plan form 011 the longitudinal  stability and control of the configura- 
t ion are given in the present paper. The f lap arrangement,  which w i l l  be 
called the extended double slotted  flap, differs frm the cowentianal 
double slotted flag conffguration in thEtt the f lap end y&pe are displaced 
t o  the  trail ing edge Oce the KLng (similar t o  Fowler f laps)  in addleion t o  be- rotated t o  a given f l ap  deflectian. Tdl configuratione teeted were 
a 60 delta t a i l  and a t a i l  with 8n aspect r a t i o  of 3.06, taper r a t i o  
of 0.394, and 23O 7' sweepbeck of the leading edge. Both t d l s  had approx- 
imately  the same m i a t i o n  of lift with  angle of attack. h l u d e d  in  the 
present paper are the results of an exploratory investigation of a retract- 
able canard horizontal surface  (hereafter  called a c-) which could be 
used t o  trim (wlth an increase of llft coefficient) the divlng momept 

t 
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which accmpanies extended double slotted  flap  deflection. Results are I 

also presented of a limited investigation of a Fowler-- flap on the d- 

delta wing. 

The results of the tests are presemted as stnnrinrd NACA coefficients 
of forces and m t s  about tk sttibility axee. The positive directions 
of  force^, mopnents, and angles are shown In figure 1. Pitcu-morment 
coef'ficiente are given about the wing 25-percent-mean-aerodymmic-cho1d 
point ehown in figure 2. The coefficients and eynibols e r e  defined 86 
f OSLOWB : 

lift coefficient, L/qS 

Pit"mament coefficient, M/qSC' 

lift, lb 
d m ,  

pitching mcment, ft-lb 



a Eangle of attack of wing, deg 

C local King chord, ft 

Y lateral  distance fraan plane of symnetry pllessured parallel  t o  
Y-axis, ft 

Z vertical  locatian of tail with respect t o  chord line extended, 
pofiitive when located above  chord line extended 

2 distance of tail-quarter-chord  position back of' wing quarter- 
chord POSitiOn 

it incidence of horizontal. tail, deg 

I C  
incidence of c d ,  deg 

E effective dm- angle, deg 
&&scripts : 

t horizontal tall 

The model wae tested on a single-support et& in the Langley 
joo m 7- by lO-foot tunnel. 

The 60° delta wing (fig . 2(a) and table' I) .ma the sams a s  that used 
i n  references 1 t o  3 with the exception of rounded t i p s  and a more aut- 
board locatian Of tk f h p 8  (f-6 in pI'e8at h W 8 t i g a t h l  extended 
from 0.18b/2 t o  0.74b/2). The wing was made from a f l a t  steel plate 
5/8 inch thick with beveled Leading and t ra i l ing edges. The thlcknees 
varied frcm 0.015~ at the root t o  a maxbmnn of 0.045~ near 0.67b/2. 
The mahogany fuselage had the same ge-try a8 that used in the Langley 
unified wing program for  supersonic f-t. 

The extended double slotted f lap (fig. 2(b) and tables I1 and 111) 
was obtained by displacing t h  vane and f lap t o  the trailing edge of the 
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wing ena by using the same Vape-flap-gap configuration as that of the 
double slotted f lap ccafiguratiop of mference 2. The extended 8- 
slotted f lap configuration (similar to a Fowler flap) had the sere gap 
arrengement as that of the 8- slotted f h p  of reference 2.  



6 

KESLIIDS AbTD DISCUSSION 

Preentation of Data 

W data obtained are preaented in   the  f ol lawhg figures: 

Flap arrangements, tail off : 
Extended double slotted  f lap . . . . . . . . . . . . . . .  
Exknded single slotted f lap . . . . . . . . . . . . . . .  
W e c t  of flape on lift coeff iciente . . . . . . . . . . .  
meet of locaticm of delta tail . . . . . . . . . . . . .  
Control  effectivenese 09 delta tall . . . . . . . . . . .  
mfect  of location of tEbil with a taper r a t i o  of 0.394 . . 
Control  effectiveness of tail with a taper rat io  of 0.394 
Sumnaqy of th? effect of the tails . . . . . . . . . . . .  
Effect of cBTLB;rd incidence . . . . . . . . . . . . . . . .  
meet of tail incidence with canard . . . . . . . . . . .  
Estimated tail incidence  required for trim and angle of 

t a i l  at L = 2.0E . . . . . . . . . . . . . . . . . . . .  
Effective d m w h  angles . . . . . . . . . . . . . . . .  
Possible ceDsrd application  (eketch) . . . . . . . . . . .  

T d l  arrmgements with extended double slotted flap: 

Canard with extended double slotted  f lap and a delta tail: 

Flap Arrangements, Tail Off 

. .  . .  . .  

. .  . .  . .  . .  . .  

. .  . .  
. .  . .  . .  

Figure 

. .  4 * .  5 . . 6. 
= .  7 . .  0 
0 .  9 . . 10 . .ll 
. .I2 . . 13 
. . 14 . . 15 . . 16 

Effect of exbended double elotted flap deflection.- Urge Iw?ren?nts 
of lift were obtained  throughout the lift-coefficient r a g e  up t o  and 
Including f o r  the extended double slotted f lap  (fig. 4). The 

lift coefficient at CUI aagle of attack of 0' for  the extended double 
slotted flap was only slightly larger then the Ut coefficient f o r  the 
double elotted  flap of reference 4 throughout tlx? canparable flap- 
deflection range (460 t o  570) (fig. 6). n p  effectivenees, however, 
hld t o  higher deflection angles f o r  the extended double elotted  flap 
than f o r  the double slotted flap. The lift increment at an eagle of 
attack of 00 for  the extended double slotted  f lap w&s 1.05 (for 61.3' f lap 
deflection, the Ughest tested) compared eth 0 . 9 5  f o r  the double slotted 
f lap  (at a deflection of about 570 whfch the trend of the lift; curve wita 
f h p  deflection  indicates is very nearly tk opt- deflection). M e n -  
sion of the double slotted flap t o  the wing trailing edge became much 

attack was increased. A t  an azlgle of attack of 100, the &enEiOn Of ths 
double slotted f lap  to the trailing edge resulted in &ZI incremmt of 
0.30 lift coefficient 80 that a Ut  coefficient of 1.55 w a ~  produced; 

mOFe 'beneficid. with regard t o  l i f t - C O d f i C k &  incmt 86 the O f  

. .  
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at the in-t waa almost 0.40 resulting in a ma&mmt lift 

coefficient of 1.94. The i n c r e e d  lift at Ugh angles of attack for 
the flap-extended configuration can be at t r ibuted  to  the larger lifting 
area coarpared with the double slotted  flap  configuration (which results 
in increased lift-curve slope when basing the coefficieats on the flap- 
retracted wing area) and also to   the  el-tfon & the  nonlinearity of 
the lift c m  rat bigh angles of attack. Approximately half the differ- 
ence between maximum lift coefficients of the double slotted and exbended 
double slotted f lap configuration6 can be attributed tx~ the l a t t e r   c a w .  

8 

Iarger diving mnmp.rtts accmpanied the increased lift of the double 
slotted  flap whw extended t o  the wing trailing edge BO that, when  cm- 
pared 011 a trimed-lift-coefficient  basis, maximum lift coefficients 
were closer: l.kO for  the double slotted f l a p  and 1.63 f o r  the extended 
double slotted flag for a tail length of 2.0E and with  flap  deflections 
of about 520. 

Studies of the a i r  flow over the surface of delta wings with double 
slotted f 1-s by means of wool tufts have indicated that the flow over 
the  part of the King ahead of thie f h p  generally b e c e s  -table end 
separates earUer  than  the flow over the f h p s .  Reduction of lift-curve 
slope at high mgbs of attack  for double slotted flaps (ref 8 .  1 t o  4) 
possibly may have resulted f r m  additional load over the wlng frcrm tk 
f l a p  precipitating early wing s t a l l .  Although no pressure or tuft 
studies ha= been made thw far  t o  provide evidence, it is t3m@t that 
the more linear llft curve with the extended double slotted f h p  (fig. 4) 
might be at t r ibuted  to  the Larger wing area ahead of the f l a p  which can 
carry the additional loading frcon the flap t o  high angles of attack with- 
out  separating. 

In the  high-llft-cwfficient r e ,  Uft-drag rat ios   for  the wing 
with extended double slotted f lap were larger than that of the wing with 
f lap retrected (fig. 4). C m ~ a r i s o n  with the data of reference 4 also 
indicates that abm about 1.3 lift coefficient  the extaiied double 
slotted  f lap had equal o r  larger lift-drag ratioe than double slotted 
f laps. 

Effect of extended slngle slotted  flap  deflection.- A lift- 
coeff icient increment of 0.55 at an angle of attack of Oo - obtained 
f o r  the extended single slo*d flag at a deflection of 350 (figs. 5 
and 6 ) .  An increase of flap  deflection  to about 400 generally resulted 
in  only a very slight increase Fn llft coefficient. 'phrougho& comparable 
fhp-deflection ranges the extended s i n g l e  slotted flap gave larger incre- 
ments of lift at an angle of attack of 00 than the single. s lo t ted  flap of 

resulting frcan extended B- slotted flag deflection was larger than 
that resulting from defhction of the s i n g l e  slotted flap of reference 2. 

- reference 2. HWever, at a given lift coefficient  the diving mament 

I - 
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Additional dam load on tk tail required t o  trim the larger diving 
moapent would reduce the difference in  lift coefficient for the two flaps 
at a given angle of attack. Tr im lift coefficients  for the model with 
the extended single slotted  f lap and with a horizontal tail at 2. Oc’ were 
estimELted from the tail-off tes t s  t o  be 0.41 and 1.56 at  an angle of 
attack of 00 and Uft, respectively. 

Extended  Double Slotted Flaps 

EZfect of location of the delta t a i l  on l o n g i t u d b d  stability.- A 
previous  investigation of the effect of location of the delta tail on 
the model with delta wing and double slotted  f laps (ref‘. 4) has aham 
that the most satisfactory tail locations  for lomgitudhd stabi l l ty  were 
at  rearward positions on the chord line extended or at positions below 
the chad line extended. Delta-tail  tests  for the present  investigation 
with extended double slotted  flaps  (fig. 7) were therefore  restricted t o  

reference 4: a longitudhLUy stable configuration occurred with the 
delta tail located on or below the chord line extended and lomgltudhal 
instabillty  resulted wken the delta tail. wa8 located above the chord line . 
extended (figs . 7 end ll) . The approximate region (determined largely I 

from ref. 7) at which location of delta taile behind delta wings with 
flaps zero resulted in nomUnearity of the pitching-mmt-coff  icient 
curve and longitudinal  instability over part, of the lift-coefficient 
range i e  included in figure U. 

the rea- POSitiOne ( 1  = 2.oc’). ’phe result8 Were S” t o  those Of 

I 

With the tail off, the extended double slotted flap model had an 
unstable break of the pitching-mment curve a t  high angles. of attack. 
As was concluded in reference 4 with double slotted  flaps and in refer- 
ence 7 with flaps zero, 1ongltudjmaIJ.y stable locations of th? delta 
t a i l  behind the delta wing with the extended double slotted flaps can be 
attributed t o  regions of s t ab i l l z ing  downwash effect  at high angles of 
attack resulting frcm vortex flow bebind delta wings. changes in dynamic 
pressure at the tail were found in reference 7 t o  hve a minor effect. 

Control  effectiveness of the delta tail at locations  for  longitudi- 
nal stabil i ty.  - When located at positions  for  longitudinal  stability 
1 2  = 2.OE with z = -0.25E: and 0, figs. 8(a) and &(b), respectively)  the 
delta tail would probably be incapable of providing longitudinal trim i n  
the high-lift-coefficient range for  the model with extended double slotted 
flaps. The effectiveness of the delta tail with extended double slotted 
flaps w a ~  ab& the same 88 that with double slotted f lap of re#erence 4. 
The large diving mment result- fraan deflection of the extended double 
slotted  flap, however, requires t a i l  lift coefficients for longftudinal 
trfm at high azlgles of attack which are beyond the capb i l l t i e s  of the 
delta tail. The large diving aments near maximum lift (C, approximately 
-0.66 tail off) would require a d m  load when t r i m e d  in pitch  for 

. . .  
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2 = 2 . E  Which would reduce cL,,x frm 1.99 t o  1.66. (Sl ight  differ- 

ences In estimated trim lift coefficients here and given previously are 
caused by m e r e n t  te-off fuselage lengbhs. 1 

Hfec t  of location of the tail with a taper r a t io  of 0.3% on Lon- 
gitudinal stabiUty.- The effect of location of the tail with a taper 
rat io  of 0.3% on the lcmgitudinal stability of the madel with extended 
double slotted f'lgps (fig. 9) WEB samewhat simflar t o  the s teb i l l ty  char- 
acterist ics of the model w i t h  the delta tail end either extended double 
slotted (f 1%. 7) or double slotted flaps (ref. 4); that is, tail. posi- 
tions above the chord Une extended were LongitudjbalJw unstable over 
p& of the angle-of-attack range and re- tail positiane on and below 
the chord line extended were generaYy 1cmgitudfnaUy stable  (fig. U) . 
However, almast neutral stabi l i ty  m e t e d .  in t b ~  btemediate "of- 
attack renge (a = 00 t o  8 O )  when the tail with a taper  ratio of  0.394 was 
located on the chord Une extended and en unstable break occurred at the 
stall when located belaw the chord llne extended. Corresponding location 
for  the delta tail with about the same lnciaepce angle showed only slight 
reductian in stabi l i ty  at the Intermediate angles of aktack and a stable 
pitching--& break at the St&. Both tdl plen forme "d about 
the same 1" stab115ty in the low angle-of-attack re~ge.  he 
difference in stabi l i ty  at the other Ilft coefflcierrts migat be attributed 
to  the  disposit ion of the area of the two plan form. W i t h  tbe tafl mean 

ra t io  of 0.394 has a large part of its area more forward and more outboard 
than the axe& of the delta tail. 'A W g e  area of the t a i l  with a taper 
r a t i o  of 0.394 is thus effectively in a lateral location where with 
increasing angle of attack it is =re difficult t o  get aut of a region of 
high duwnwash In to  lox dawnuaeh as the horizontal tail traverses across 
the  lsrge  trailing vortFces which occur  behind the delta wing. As shown 
in figure l.5 which gives effective damwash angles fo r  the tu0 t a i l  plan 
forms, the stabilizing  region of tbe variation of dowm&8h eagle with 
angle of attack starts at bigher angles of attack f o r  tb? t a i l  with a 
taper r a t i o  of 0 -394 than f o r  the delta tail. 

h aerodynamic quarter chord at the 8- positicm, the tat1 with a taper 

Control effectiveness of the tall with a taper ra t io  of 0.3% at 
opt.irmrm locatians f o r  stability. - The tell with a taper ra t io  of 0.3% 
wa8 unable t o  proviae longitudinal trim at any lift coefficient when 
located at one- Qf the mrii favorable  positioni for longitudinal stability 
( t d l  length of 2 . E  on the whg chord Use extended, f ig .  10). As with 
the delta tail, this deficiency resulted fram the Uge diving mcmaent 
i l th   def lec t ion  of the extended double slotted f lap  w h i c h  res" lift 
lo& beyond the -abilities of the tail. Practically M pitching- 
moment effectiveness was present for  negative tail-incidence angles snd 
this lack of effectiveness probably resulted from tkbe high effective 
aowrtwash (fig. 13) and the lower staU of attack f o r  the 
etrdght tail than for the delta tail. 
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Canard With Extended Double Slotted Flap and Delta Tail 

A possible method of o b t a U g  longitudinal  trim and the hlgh lift 
coefficients of the extended double slotted  flap arrangement a t  high 
angles of attack and of using the large diving maments (accqanylng 
extended double slotted  f lap  deflection)  to an advantange would be the 
use of a canard surface which muld be retracted imide the -lege f o r  ' 
the clean flight condition &nd extended when the extended double slotted 
f laps  mre deflected. Such an arrengenmrt WOuLd provide 8,n addition .to 
lift and a nose-up mcanent t o  the airplane. An arrangemen-b that might be 
used i6 shorm in figure 16, Which is  & e t c h  Of a delta-wing airplane 
with extended double slotted flaps i n  the lEbnaing condition as seen from 
below. The front landing-gear  doors have been opened hterr t l ly  t o  R hori- 
zontal pos i t im in order t o  provide additional lift and nose-up  mment 
t o  the airplane. Unpublished tests in tk Langley 300 MPH 7- by 10-foot 
tunnel have shown that delta wings mch are portions of a coae (as am? 
the doors in the sketch) will provide lift ccaaparable t o  straight delta 
wings. For simplification of testing a retractable canard arrangement 
has been sinrulated in the present  investigatlm by a delta wing mounted 
at tb fuselage nose (fig. 3) .  

Eefect of canard  incidence .- !l%e cezmrd had pronounced effects on 
both the l i f t  and pitching moment of the model with extended double 
slotted  flaps. The addition of the canard increased the meximum lift 
coefficient and extended t M  angle of attack for  ma~irrmm lift (fig. 12). 
The canard at an incidence angle of 100 had the largest  effect so the 
maximnu l i f t  coeff lcient WM increased f r a m  1.95 t o  2.45 and the angle 
of attack f o r  mRlclrmrm lift; was extended from 23O t o  300. However, 
throughout most of the extended angle-of-attack range, the W e 1  had 
large longitudinal instabil i ty.  &nall.er increases in maximum lift coef- 
f ic ient  occurred fo r  the higher c&nard incidence angles. However, a 
Eduction of the Longitudinal instabi l i ty  i n  the high  angle-of-attack 
range occurred with increased canard  incidence so that with IC = 25' 
the high-angle-of"attack instabilfty was restricted t o  a a m d l  Ilft- 
ce f f i c i en t  range. AB ehown in figure 12 the increment of lift resulting 
fram addition of the caaard was greater at high angles of attack than at  
low angles of attack. For example, the  addition of the caaard at 200 inci- 
dence increased the lift coefficient 0.17 at an angle of attack of go; 
harever, at an angle of attack of 24O the increase in lift coefficient 
was 0.4. With canard off the lift coefficient decreased  with  angle of 
attack beyond  appr0Yrmatel.y an angle of attack of 230. Th? increase of 
lift coefficient with angle of attack beyond 230 wben the canard surface 
was added t o  the model caazlot be attributed entirely t o  increased llft 
on tk canard alone but probably resulted frm an effect of fAz cenazd 
on the wing l i f t .  This effect can be noted from figure 12 which shows an 
increase of lift coefficient when model angle of attack was increased  but 
shows no increase or a decrease in lift when cmmd incidence was increased 

c 

- 

. .. . 
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The &tion of the capard t o  the delta-wing model reeulted In a 
nnnljnF?axity of the lift-coefflclent curve in the angle-of-attack rmge 
near zero, parbicularly f o r  the configuration with the canerd a t  250 inci- 
dence. C a m d  deflectians beyond 13O provided only 6maU change in 
pitching-mcment coefficient beyond an angle of attack of 100. canard 
effectiveness f e l l  off when the total of t h  model angle of attack and 
cauard  incidence angle was greater than 250. This resut might be 
expected  because tbe stall angle of delta winge with flaps zero ie pear 
t.he region of 300. However, part of the apparent drop-off in pitching- 
m t  effectiveness at high incfdence angles might be c u e d  by R reduc- 
t ion of vortex effect on the main wing. E the stable pitching- 
mcment curve w i t h  the high - incidence angle is caused p r h a r i l y  
from separation of air flaw over the canard, aynemic longihdiml stabil- 
ity deficiencies might reeult f o r  an airplane w i t h  such an -t. 

and might result in pitchrug of the airplane. 
a In t& C & B ~  of rapid pull--, caaard S t U  be m t m i l y  delayed 

s E e c t  of delta-tail incidence wlth fixed canerd.- For the three 
cmfiguratione f o r  which delta-tail effectiveness was investigated at a 
tail length of 2.OE (Z = 0 Emd -0.2% with & = 20°, figs. l3(a) and 
13(b), R w C t i V d y ,  & z = -0.2% with i c  = 25O,  fig. l 3 ( ~ ) ) ,  lon- 
gitudinal trim could be obtained thmughout the --of -attack range. 
Maxlmm trim lift coefficients obtdnahle ranged fram 2.0 t o  about 2.3 
depending on test ammgemnt. 

kngi tudiml  instebilfty occurred below a lift coeff ic ied of 1.5 
f o r  the configuration  with the caaard at 200 and the tall  located on the 
chord IAE extended (figs. 13(a) and 14). ~ 0 r e  sat~sfactory longitudinal 
s tab i l l ty  resulted Bhen the tail wtm located below the wing chord lFne 
extended (f lg. l3(b) ) . However, f Or this configuratiapl sli@ longitudi- 
nal instabil i ty occurrea near lJ.mdmm lift coefficient and langitudfnal 
inetabildty was d o  preeant et low lift; coefficfents corresponding t o  
the negative angle-of-attack remge. Soape improvement in lcmgitudlnel 
st6bi l l ty  m effected by reducing the flap  deflection fmm 56.20 t o  51.20 
BO that  the f h p  diving maplaent was reduced and thue the required  negative 
tail incidence. The most satisfactory arr-nt tes ted  with regard t o  
longitudinal stability occurred with the FIlnFud fixled et eo and wtth the 

rmrm trim lift coefficient available f o r  the ic e 25O configuration was 
about 2.0; the madmmu l i f t  coefficient obtahed with i c  = 20° vas 2.3. 

* tail located belaw the ~ i n g  chord line ea- (fig. 13(~)).  he d- 

- 
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The pitching-mcnraent break a t  the stall wae stable with ic = 2 5 O  aad 
longitudinal  stability was present at angles of attack t o  at least zero 
and may exist  at negative angles but lack of it fo r  trim data prevents 
actual determfnation i n  the negative  angle-of-attack range. 

1. Large ~ u e s  of untrtmed  (tdl-off) lift coefficient (1.05 at  
zero angle of attack and 1.94 at mudmum lift) were obtained throughout 
the mrking angle-of -attack range with the extended double slotted f lap.  
Estimated tr-d lift coefficients  for the model with a tail length of 
2 . E  and a flap  deflection of 56.2O were 0.p at an angle of attack of Oo 
and 1.64 &t l.nedmm Uft. 

2. Satisfactory  location of a 60° delta tail or  8 t a i l  with &n 
aspect  ratio 3.06, 230 7' sweepback of the led- edge, and a taper 
rat io  of 0.394 f o r  longitudinal  stabiuty of the model with &ended 
double slotted flaps was generally at  reammrd position6 on the ning 
chord line extended o r  at positions below the chord l ine extended. 

3. Tail-incidence teete 'indicated that the delta tail (wlhich had 
20 percent of the wing area) or the tail with a taper rat io  of 0.394 
(14.5 percent of the wing mea) wwld be incapable of providing  longitu- 
dinal. trim  with the extended double slotlid flap because of a large 
diving moment resulting fraan f lap deflection. 

4. The delta-plan-form tail was generally found t o  be superior with 
regard t o  s tabi l i ty  and control thas tbe tail with a taper rat io  of 0.394. 
(Both tails had agpnxdmately thre same vaziation of lift with angle of 
attack. ) 

5. Investigation of a retractable canard, that was intended t o  be 
extended simultemeouely with deflection of the extended double slotted 
flap, resulted in a generally longitudinally stable high-lift delta-wing 
airplane configuration with a trim llft coefficient of 0.82 at an angle 
of attack of g0 and a mcudmum trim lift coefficient of 2.3. 

6. The increme in meximum lift coefficient m d  angle of attack f o r  
lift with the additian of the canard t o  the delta-wing model i s  

believed t o  have resulted largely from canard-seace wake effects on the 
wing lift. 

. .  



7. Trim lfFt coefficients of the male1 with an extended 6lngl.e 
slotted flap and a horieolrtal-tail length of twice the mean erodynemic 
chord were estbated frm tail-off tests to  be 0.41 and 1.56 at an angle 
of attack af OO end maximum lift, r e e p e c t i w .  

Langley Aeronsutlcal Laboratory, 
Eational Advleory Ccmmlt tee  for Aemnautice, 

Langley Field, Va., October 15, 1953. 
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Wing: 
Spes,ft . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . .  
' ~ h f r ? k n ~ ? ~ s  of f la t  plate (mnwtnnnn thickness 
Sweep. deg . . . . . . . . . . . . . . . .  
Area. e q f t  . . . . . . . . . . . . . . .  
Mean aerodynemic chord. ft . . . . . . . .  
Ieading-edge bevel angle. deg . . . . . .  
Taper ratio . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  4.00 . . . . . . . . . . .  20% 
ratio. 0.043) in . . .  5/8 . . . . . . . . . .  60.00 . . . . . . . . . . .  6.93 . . . . . . . . . . .  2.31 . . . . . . . . . . .  6.8 . . . . . . . . . . . .  0 

plap : 
Span.ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 9  Qmrd. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 Chord. percent wlng root chord . . . . . . . . . . . . . . . . .  13.2 
-E. e q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.03 
Area. percent ving area . . . . . . . . . . . . . . . . . . .  14.83 
Waim-edge bevel angle. deg . . . . . . . . . . . . . . . .  8.00 

h l t E  ta i l :  span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.79 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
~hickness of f la t  plate (m t~ckue~s  rat io .  o . 045) in . . .  0.25 
Sweep. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  60.00 
-E. S q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 39 
Area. percent wing e a  . . . . . . . . . . . . . . . . . . . .  20.0 
Mean aerodgnemic choml. f t  . . . . . . . . . . . . . . . . . . .  1.03 
kadhg-edge be- -le. deg . . . . . . . . . . . . . . . . .  6.0 
Trailing-edge  bevel angle. deg . . . . . . . . . . . . . . . . . .  7.3 
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

T a i l  with a taper ratfo of 0 . 
Aspect ratio . . . . . . .  
Tbicknees ratio . . . . .  
Sweep.deg . . . . . . . .  
Area. percent wing -E . 

spes. f t  . . . . . . . . .  

Area. e q f t  . . . . . . .  
Mesa aero-c chord. ft 

394: . . . . . . . . . . . . . . . . . . .  1.75 . . . . . . . . . . . . . . . . . . .  3 . 6  . . . . . . . . . . . . . . . . . .  0.045 . . . . . . . . . . . . . . . . . .  230 7' . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . .  14.5 . . . . . . . . . . . . . . . . . . .  0.61 
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(b) Detaila of -8.  

JHgure 2.- Contirmeb. 
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Figure 3.-  Canard details. 
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Figure 5.- Ef'fect of deflection of u extended s i n g l e  B l o t t e d  flap on the 
longitudinal aerodymudc characteristics in pitch of the delta-" 
fuselage model. Tail off; fueelage with 1.E afterbody. ( S ,  = Oo con- 
figuration had a l.5E fuselage afterbody.) 
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CL 

Figure 5 .  - Concluded.. 
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Figure 7.- Effect of location of the delta horizontal tail on the 
longitudinal aeroaynamic characteristics  in  pitch of the de1ta-wb-g- 
fuselage model with extended  double slotted flaps deflected .2*. 
2 = 2.0E. 
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Figure 8.- Ef'f'ect of incidence of the delta hor izonta l  t a i l  on the 
longitudinal aerodynamic characterietice in pitch of the delta-wing- I 

fuselage model with extended double slotted flap13 at 56 .p,  
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Figure 8.- Continues. 
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(b) 2 = 2.0E; e p 0- 

Figure 8.- Continued. 
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. w e  9.- Effect of location of the t a i l  with a taper ratio of 0.394 on 
the  longitudinal aerodynamic characteristics in pitch of the delta- 
wing-fuselage model wLth extended double slotted f h p s  at $.@. 
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gure 10.- Effect of incidence of the t a i l  with a taper ratio of 0. 
on the longitudinal aerodynamic chrrracterietics in pitch of the d 
wlng-fmelage mdel with extended double slotted flapa at 56 .e 
tion. e = 0; 2 = 2.OE. - - 
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Figure U). - Concluded. 
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Figure 12.- EYTect of incidence of canard on the longitudinal aerodynamic 
characteristice in pitch of the delta-utmg-fuselage mcdel wLth delta 
ta i l  rtna extended double elot ted flaps deflected 56.20. 2 = 2.OE ELnd 
z = -0.255. 
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(a) Concluded. 

Figure 13.- Continued. 



13.- C o n t i n u e d .  
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(b) Concluded. 

Figure 13. - Continued. - 
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( c) Concluded. 

Figure 1.3. - Concluded. 
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Extended dou&le slotted flopJ fupef futio ,394 fmlJ 2aO. 
Extendeddouble sbtfed fhp, &I& i o i l p O  

- - - - Zxtendd dou&/e s/otki  f/op delto toil, 2 = -. 252 ,m~~fd  ot2.50 
28 Extended dbub/e slotted flop, delfu fuil, I= -.25c' 

Figure 15.- Variation of the  effective downwaeh angle with angle of attack. 
Flaps deflected 56.2O. - - 
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Figure 16.- Retractable canard arrangemnt on a delta-wing airplane with 

&ended double slotted flaps. 
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